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Abstract

Background/Objectives Olfactory neuroblastoma (ONB) is a rare malignant tumor of neuroectodermal origin. Rarely, ONB
can elicit paraneoplastic manifestations, with Cushing’s syndrome (CS) due to ectopic adrenocorticotropic hormone (ACTH)
secretion being extremely uncommon but clinically significant.

Methods We performed a literature review of CS and ONB and reviewed 37 reported cases from 34 studies.

Results Patients ranged from infancy to older adulthood, with no gender predominance, and frequently presented with
severe hypercortisolism marked by hypokalemia, hypertension, hyperglycemia, and opportunistic infections. Diagnostic
challenges include overlap with ACTH-dependent Cushing’s disease and misleading inferior petrosal sinus sampling.
Conclusions Effective management required multidisciplinary collaboration, integrating medical stabilization of cortisol
excess with definitive tumor-directed therapy. Surgical resection, often combined with radiotherapy, offered the best chance
for long-term remission, though bilateral adrenalectomy was occasionally required in severe cases for urgent control. Despite
its rarity, heightened clinical suspicion and coordinated treatment can achieve remission. Future progress will depend on
prospective case collection and molecular studies to clarify pathogenesis and guide therapy.
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Introduction

Olfactory neuroblastoma (ONB), also known as esthesio-
neuroblastoma, is a rare neural crest-derived malignancy
arising from the olfactory neuroepithelium in the upper
nasal cavity. This tumor represents 3—6% of all nasal cav-
ity and paranasal sinus neoplasms, with an incidence of
approximately 0.4 per 2.5 million individuals [1-4]. ONB
can involve the nasal and paranasal while in advanced
cases can metastasize to lymph nodes and distal sites [1,
5]. Despite its aggressive behavior, ONB carries a relatively
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favorable modern prognosis, with reported five-year overall
and disease-specific survival rates of 80-90% [6, 7]. How-
ever, recurrences can occur more than a decade after treat-
ment, with the necessity for long-term follow-up [6, 7].
Ectopic adrenocorticotropic hormone syndrome (EAS) is
a well-known paraneoplastic disorder that results from inap-
propriate adrenocorticotrophin hormone (ACTH) secretion,
as can be seen by miscellaneous neoplasias, such as adrenal
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adenoma, small cell carcinoma, pancreatic islet cell tumors,
pheochromocytoma, and medullary thyroid carcinoma [8§].
EAS leading to excessive cortisol production accounts for
10% of Cushing’s syndrome (CS) [9]. Symptoms include
facial and scapular adipose deposition, truncal obesity, dia-
betes, cutaneous manifestations, and metabolic rearrange-
ments (e.g., hypertension, hyperglycemia). Patients with
EAS have a high prevalence of unusual pulmonary infec-
tions caused by opportunistic pathogens, including Cryp-
tococcus, Aspergillus, Pneumocystis, and Nocardia, which
can mimic lung malignancies [9, 10]. Therefore, in patients
with EAS of unknown origin, both pulmonary infection and
the causative malignancy can present as pulmonary lesions.
Hypercortisolism in EAS may mask symptoms of infection
and delay the diagnosis, which may increase the risk of mor-
tality [11].

The diagnostic challenge is compounded by the non-
specific initial symptoms of both ONB and early Cushing’s
syndrome, leading to delayed recognition and treatment.
ONB diagnosis is achieved through imaging such as com-
puted tomography (CT) and magnetic resonance imaging
(MRI) in combination with a biopsy result. Furthermore, the
management of ACTH-secreting ONB requires coordinated
expertise from multiple specialties, including otolaryngol-
ogy, endocrinology, and oncology, to address both the local
tumor burden and the systemic effects of hypercortisolism.

We performed a literature review to compile reports of
concomitant CS and ENB. In this study, we analyzed clini-
cal features and demographic characteristics, diagnostic
approaches and imaging findings that facilitate accurate
recognition, multimodal treatment strategies, and clinical
outcomes.

Methods
Search Strategy

A review of pubmed.gov and Google Scholar was per-
formed with search terms “esthesioneuroblastoma”, “olfac-
tory neuroblastoma”, “Cushing’s syndrome”, along with a
manual review of reference lists from relevant articles to
cover additional cases not in databases. Studies reported
individual cases or case series of patients diagnosed with
ONB presenting with endogenous CS attributable to ectopic
ACTH secretion, provided sufficient clinical, biochemical,
or pathological details confirming both the diagnosis of CS
and the underlying tumor, and were published in English
(or had an English abstract with extractable case details)
were included. Non-English studies with English abstracts
meeting the inclusion criteria were assessed with the help
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of automated translation tools to extract the data. Cases
without endocrine manifestations, experimental or animal
studies, reviews, or editorials without original patient data
met our exclusion criteria. Duplicate reports were identified
through manual comparison of titles, authors, and publica-
tion details, and only the most complete or recent version
was retained.

Data Extraction and the Table

Two reviewers (ED, MZ) independently screened all titles
and abstracts with a third author serving as a tie breaker
(MK) followed by a full-text review. The extracted data
were summarized (Table 1).

Discussion
Rarity and Significance of ONB-Related EAS

ACTH-secreting ONB is an exceedingly rare cause of EAS
and was originally described by Reznik et al. in 1987 [12].
Compared to more frequent etiologies like small-cell lung
carcinoma and other endocrine tumors, ONB produces a
minority of instances of ACTH-dependent Cushing’s over-
all [9, 46]. Though rare, ONB-activated EAS production
has profound clinical impacts due to the adverse periop-
erative physiological effects of hypercortisolism including
increased susceptibility to opportunistic or perioperative
infection and venous thrombosis [18, 31]. In addition,
ONB-induced EAS may contribute further to the overall
complication profile added of ONB treatment, and a subtle
clinical diagnosis. Other delayed sequelae of CS include
refractory hypokalemia, opportunistic infection, uncontrol-
lable hypertension, and hyperglycemia [46]. We identified
several reported patients die of the metabolic and infection
complications of CS prior to receiving definitive therapy
[20, 26].

EAS diagnosis in ONB remains challenging and requires
a high degree of clinical suspicion. EAS caused by ONB
has been documented across a wide age spectrum, from
infancy to older adulthood. Notably, case reports included
children as young as 28 months and 3 years old [22, 39],
although most cases appear in middle-aged adults, affecting
both sexes equally. The rarity of ONB-related EAS was evi-
dent in reports primarily coming from isolated case reports
and small case series over decades. Typically, patients
presented with hallmark features of CS including Cushin-
goid appearance, such as central obesity, facial fullness,
supraclavicular fat pads, glucose intolerance, hypertension,
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Table 1 Reported cases in the ACTH-dependent ONB
Study Patient Presentation/Diagnosis Laboratory Imaging Treatment Outcome
findings findings
Reznik et al.  48/F Recurrence 2 years after - - Surgery, chemotherapy. CS controlled
1987 [12] ONB diagnosis. 2nd ONB Treatment of 1 st recurrence: with aminoglu-
recurrence with CS 5 surgery, chemotherapy. tethimide but
years later Treatment of 2nd recur- mortality a few
rence: aminoglutethimide days after starting
therapy
Arnesen et al. 36/F Delirium, acute psy- Elevated blood Computed Resection of the nasal polyp CS controlled
1994 [13] chotic behavior, obesity,  glucose tomography  resolved CS. Upon recur- with surgery. No
hypertension, hirsutism, (CT) revealed rence, a combined transna-  information on
acneiform eruption, and an enlarged sal-transcranial resection of ~ follow-up after
laboratory tests confirmed pituitary the tumor with radiotherapy, recurrence
CS. A nasal polyp, which glandanda  leading to a second remis-
was later diagnosed as soft tissue sion of CS.
olfactory neuroblastoma, density in the
was resected, leading right sphenoid
to the resolution of CS. sinus
Recurrence of ONB and
CS 5 years later.
Yu et al. 36/M ENB producing ACTH Lab tests showed CT showed  Metyrapone (initially Remission of
2004 [14] ACTH-dependent bilateral caused complications, later ~ CS and disease
CS adrenal restarted), then. etomidate control after RT,
hyperplasia,  infusion temporarily, treated no recurrence
pulmonary with trimethoprim/sulfa- at 23-month
cavitated methoxazole and itracon- follow-up
lesions, azole. The patient refused
ischiorectal surgery due to bleeding risk
mass. Octreo- and received external beam
tide Positron  radiation therapy (37 frac-
emission tions, total dose 6,660 cGy).
tomography  After 5 weeks of radiation
(PET) showed therapy (RT), metyrapone
strong uptake discontinued
in the eth-
moid region.
CT/Magnetic
resonance
imag-
ing (MRI)
showed 5-cm
ethmoid sinus
mass with
intracranial
extension
Kanno etal. 39/F Ectopic ACTH syndrome - - Dexamethasone used on EAS with
2005 [15] with Cushingoid features initial presentation, surgical metyrapone until
diagnosed 1 year before resection followed by radia- surgery. No new
ONB. ONB recurrence tion therapy (total 54 Gy),.  recurrence at the
with EAS 4 years later metyrapone initially used 3-year follow-up
then discontinued
Butt et al. 52/M Presented with persistent ~ Elevated serum Mass in Craniofacial dissection fol-  No long term
2007 [16] rhinorrhea and epistaxis,  cortisol and ethmoidal lowed by radiotherapy (30  followup period
represented 4 years later ~ ACTH levels. sinuses, cycles) to the right orbit, provided,
with generalized weak- nasophar- metyrapone improved CS

ness and bilateral ankle
swelling, diagnosed with
hypercortisolism caused
by ACTH secretion

ynx, anterior
cranial fossa,
and right orbit

with metyrapone
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Table 1 (continued)

Study Patient Presentation/Diagnosis Laboratory Imaging Treatment Outcome
findings findings
Josephs et 48/M Leg edema, blurred - Mass in Preoperative ketoconazole =~ ACTH decreased
al. 2008 [17] vision, and general weak- ethmoid and  and electrolyte/vitamin postoperatively.
ness for one week, 2 years paranasal supplementation, com- CS symptoms
of progressive hyper- sinuses with  bined bifrontal craniotomy  resolved, ACTH
pigmentation and facial intracranial and subcranial skull base and cortisol nor-
rounding extension approach resulted in gross ~ malized. 6-month
total resection, postoperative follow-up without
steroids maintained, fol- recurrence
lowup intensity modulated
radiation therapy (IMRT)
(IMRT, 60 Gy to tumor bed
and 54 Gy to periphery, 30
fractions)
Koo et al. 66/F Casel: ONB with. with - - Case 1: ketoconazole, sur- Case 1: ACTH,
2008 [18] 37/F Cushingoid appearance gery and radiotherapy cortisol, and
and systemic edema Case 2: neoadjuvant che- Cushingoid
Case2: nasal obstruction motherapy (etoposide, ifos-  features improved
and rhinorrhea, Cushin- phamide, cisplatin) followed after surgery and
goid features by surgery, ketoconazole radiotherapy,
and octreotide, radiotherapy no recurrence
(5400 cGy) to nasal mass after 12-month
follow-up
Case 2: ACTH
and cortisol
improved, mass
decreased size,
remission of CS
and tumor size
Hodish et al. 48/M Casel: 3-week history Extremely high Large eth- Ketoconazole and potas- EAS controlled
2008 [19] 30/F of malaise, leg edema, cortisol and moid sinus sium correction followed after surgery, no
blurred vision, muscle ACTH levels mass by surgical resection via recurrence after
weakness, chronic sinus - Venous frontal approach, adjuvant ~ 9-months
congestion, diagnosed sampling sug- radiotherapy EAS controlled
with EAS gested ectopic Endoscopic surgical resec-  after surgery, no
Case 2: Clinical picture ACTH, CT tion of the maxillary sinus  recurrence at the
initially mimicked pitu- revealed a tumor 3-year follow-up
itary Cushing’s disease small left
maxillary
sinus mass,
Lin et al. 64/F General weakness, High levels Mass involv- Mortality from
2009 [20] obtunded mental state, of ACTH and ing the upper sepsis and
ulcerative herpes zoster cortisol clivus and multiorgan
on chest, refractive post- sphenoid failure before any
herpetic neuralgia sinus treatments
Mintzeret  55/M Epistaxis, multiple - - Craniofacial resection and ~ Multiple recur-

al. 2010 [21]

relapses over the years

in head and intracranial
locations, recurrence of
ONB with EAS, later
development of fatigue,
confusion, severe hyper-
tension, proximal muscle
weakness, hyperglycemia,
hypokalemia, metabolic
alkalosis

postoperative radiotherapy,
bilateral

cervical lymph node dissec-
tion and chemotherapy (eto-
poside/cisplatin followed by
temozolomide) and bilateral
neck radiotherapy, limited
response to chemotherapy,
ketoconazole and hydro-
cortisone replacement,
octreotide,

rences, EAS
controlled after
surgery, post-cra-
niotomy speech
and mental status
improved, cor-
tisol normalized
on ketoconazole
hydrocortisone
maintenance,
ONB progression
despite multiple
therapies
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Table 1 (continued)

Study Patient Presentation/Diagnosis Laboratory Imaging Treatment Outcome
findings findings
Galioto et al. 3/M Diagnosed at 10 months - - Endoscopic surgery and EAS controlled
2011 [22] old, recurrence with EAS adjuvant chemotherapy after lymph
(RMS 96 protocol: ifos- nodes resection,
famide, vincristine, adriamy- no recurrence
cin, actinomycin D), lymph  at the 12-month
nodes resection, neck dissec- follow-up
tion and double mandibulec-
tomy with recurrence
Han et al. 59/M Nasal congestion, tearing, Hypokalemia, Nasal biopsy  Nasal biopsy showed poorly CS controlled
2012 [23] periorbital edema, and hypertension, and showed a differentiated carcinoma, after adrenal-
neck swelling, Cushin- hyperglycemia poorly dif- treated with chemotherapy ~ ectomy and
goid features ferentiated (carboplatin, etoposide) with tumor resection,
carcinoma 10% tumor reduction but no recurrence
stopped due to to intestinal  at the 9-month
perforation, ketoconazole, follow-up
octreotide, insulin and
potassium supplementation
were ineffective, underwent
bilateral adrenalectomy
showing rapid control of
hypercortisolism, glucocor-
ticoid and mineralocorticoid
replacement, then treated
with craniotomy and bilat-
eral neck dissection
Rodgers etal. 51/M ONB diagnosed 5 years - - Surgery, followed by surgery CS controlled
2012 [24] before CS and radiotherapy after after 2nd surgery
recurrence
Mayuretal. 19/M Rash, vision and nasal High plasma Mass medial ~ Biopsy followed by induc-  CS, rash, cortisol
2014 [25] obstruction and urinary to right orbit  tion chemotherapy (cisplatin and ACTH
cortisol, elevated ~ with propto-  and etoposide), surgical deb- improved with
ACTH, no sup- sis, massin  ulking of tumor followed by tumor debulk-
pression with ethmoid sinus adjuvant intensity modulated ing,, vision and
dexamethasone and orbit radiotherapy (7,020 cGy in  nasal obstruc-
39 fractions) tion resolved, no
recurrence at 2.5
years
Clotmanet 61/F ONB was diagnosed Hypokalemia, - Craniofacial surgery and Cushingoid
al. 2017 [26] and treated years earlier,  metabolic alkalo- laminectomy for spinal cord symptoms and
progressive metastases to  sis, high ACTH compression, palliative hypokalemia
the thoracic spine, acute  levels, elevated chemotherapy (cisplatin/ improved after
paraparesis, muscle weak- urinary cortisol etoposide), ketoconazole, adrenalectomy,
ness, disabling fatigue, metyrapone, low-dose mortality shortly
non-classical Cushingoid dexamethasone laparoscopic after discharge
bilateral adrenalectomy
Lao et al. 47/F 5-month history of - Nasal cavity  Biopsy followed by endo- Resection treated
2017 [27] cerebrospinal fluid (CSF) mass extend-  scopic endonasal resection ~ ENB and CS
rhinorrhea with Cushin- ing anterior
goid features cranial fossa,
pituitary
gland
appeared
normal.
Batacchiet 62/F EAS symptoms followed - - Ketoconazole, spironolac- Resolution of CS

al. 2018 [28]

2 months after ONB
diagnosis

tone, potassium, insulin
therapy; endoscopic cranio-
facial resection, postopera-
tive IMRT (5940 cGy in 33
fractions), postoperative
hydrocortisone for 3 weeks

4 months after
surgery, no recur-
rence at the 2.5-
year follow-up
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Table 1 (continued)

Study Patient Presentation/Diagnosis Laboratory Imaging Treatment Outcome
findings findings
Yu et al. 55/M Progressive sore throat, Severe hypoka- Nasal mass Biopsy,, metyrapone and Rapid normaliza-
2018 [29] post-nasal drip, fatigue, laemic alkalosis  extending ketoconazole prior to sur- tion of glucose,
muscle weakness, reduced resistant to treat-  from the crib- gery, endoscopic endonasal ~ blood pressure,
exercise tolerance, truncal ment, new-onset  riform plate  resection, post-operative and cortisol, treat-
weight gain, and difficulty diabetes mellitus, radiotherapy to the resection ment with insulin,
climbing stairs elevated cortisol, cavity antihypertensives,
ACTH, and 24-h metyrapone, keto-
urine free cortisol conazole discon-
tinued, remission
of CS at 1 year
follow-up
Kadoya et 50/M Abnormal visual field, Hypokalemia, - Induction chemotherapy fol- Serum ACTH
al. 2018 [30] Cushingoid features. hyperglycemia, lowed by chemotherapy and and cortisol
decreased eosino- radiotherapy at recurrence,  levels decreased
phil and granulo- metyrapone markedly, and
cyte counts, and the metabolic
elevated ACTH disturbances
and cortisol levels (hypokalemia,
hyperglycemia)

Kobayashi et 52/F
al. 2018 [31]

Matheny et ~ 52/M
al. 2018 [32]
Familiar et 31/M

al. 2018 [33]

Progressive lower limb
paralysis, general fatigue,
and Cushingoid features

Diagnosed with CS due to
ectopic ACTH secretion
from a large ENB of the
nasal sinuses

2-year history of resistant
hypertension, Cushingoid
features

Hypokalemia,
elevated cortisol
and ACTH

High cortisol and
ACTH levels

ACTH-dependent
CS, dynamic
endocrine tests
misleadingly sug-
gested Cushing’s
disease (CD)

Large lesion
of the nasal
sinuses on CT
and MRI

MRI showed
large revealed
a large lesion
of in the skull
base, sphe-
noid sinus
and sella,
extension to
nasopharynx
and clivus

Skull base surgery and
radiation therapy, then
CyberKnife radiosurgery
and chemotherapy at recur-
rence, potassium supplemen-
tation, metyrapone, mitotane
ACTH levels. Octreoscan
imaging confirmed that

the ONB was the source of
ACTH

Surgical resection of the
tumor, then adjuvant chemo-
radiation therapy (carbopla-
tin, docetaxel), then IMRT,
ketoconazole, eplerenone

Biopsy confirmed ACTH-
secreting ONB, initially
refused surgery, treated

with neoadjuvant chemo-
therapy (etoposide, cisplatin,
3 cycles), followed by
fractionated radiotherapy
(50 Gy), ketoconazole (dis-
continued due to hepatotox-
icity), then metyrapone

improved, CS
controlled at
20-day follow-up
ACTH and
cortisol levels
improved with
metyrapone and
mitotane. No
explicit statement
of long-term sur-
vival or remission
is given

Improvement
after tumor resec-
tion, complete
remission of CS
and metabolic
disturbances, no
recurrence up

to 30-months
follow-up
Eucortisolism
after radiother-
apy, improved
hypertension, no
progression at 1
year
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Table 1 (continued)

Study Patient Presentation/Diagnosis Laboratory Imaging Treatment Outcome
findings findings
41/F Cushingoid appearance, - Inferior petro- Biopsy confirmed ACTH- Postoperative
Decaestecker headache, mild vision sal sinus sam- secreting ONB, transnasal normalization
etal. 2019 problems, developed over pling (IPSS)  endoscopic resection, of cortisol and
[34] ~5 months. inconsistent  adjuvant radiotherapy (30 ACTH, Cushin-
suggesting fractions, 60gy total volume goid features
pituitary modulated arc therapy improved, no
origin but (VMAT)), hydrocortisone recurrence at 3
lacked CRH taper after 4 months months follow-up
response,
PET-CT
showed meta-
bolic activity
in the left
nasal vault.
Biopsy: ONB
with ACTH
expression
Zhouetal. 35/F Symptoms of CS - IPSS diagnos- Surgical resection confirmed Cushingoid
2019 [35] tic, Fluorode- ACTH-positive ONB symptoms
oxyglucose disappeared after
(FDG) PET/ surgery, no recur-
CT showed rence follow-up
high-uptake
lesion in the
nasal cavity
Chungetal. 46/M Cushingoid features - MRI showed Combined endoscopic endo- Serum corti-
2020 [36] large nasal nasal approach and bifrontal sol and ACTH
mass, craniotomy with extradural  levels rapidly
68Ga-DOTA- approach, adjuvant radio- decreased postop,
TOC PET therapy (55 Gy, 25 fractions) no residual tumor
showed or CS recurrence
strong uptake at 12 months
in the nasal follow-up
cavity,
Abe et al. 40/F Diagnosed ONB, recur-  Elevated ACTH  Metastatic Biopsy of cervical lymph After cervical
2021 [37] rence with Cushingoid and cortisol, not ~ ONB on nodes positive for ACTH- lymph node
features, hypokalemia, suppressed by imaging. secreting ONB, surgery and resection, ACTH
diabetes, muscle weak- dexamethasone radiation on recurrence, and cortisol
ness, hypertension metyrapone, hydrocortisone levels mark-
supplementation, potassium edly decreased,
supplementation, insulin no recurrence
at 6-month
follow-up
Gillette et al. 23/F Known nasal polyps and  Refractory 6.4 cm sino-  Biopsy confirmed ONB, Developed axil-
2021 [38] a recent seizure with hypokalemia, nasal mass began neoadjuvant chemo-  lary necrotizing
Cushingoid symptoms. ACTH>1000 pg/ eroding into therapy (cisplatin, etopo- fasciitis and
mL the infero- side), planned for surgical severe sepsis after
nasal left resection, supportive care starting chemo-

orbit, abutting
optic nerve
on CT and
MRI Biopsy
confirmed
ONB.

for CS manifestations

therapy resulting
in mortality
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Table 1 (continued)

Study Patient Presentation/Diagnosis Laboratory Imaging Treatment Outcome
findings findings
Ozhanetal. 28-month/M Nasal obstruction, Labs confirmed Lesion con-  Surgical treatment initially ~ Cortisol nor-
2023 [39] Cushingoid features CS fined to the and at time of recurrence, malized with
nasal cavity ~ ketoconazole, fluconazole ketoconazole/flu-
on MRI conazole, residual
tumor persisted
but did not prog-
ress over 2 years
of follow-up
Alsarariet  47/M Recurrent ONB, exam - MRI showed Two prior transsphenoidal Post-op cortisol
al. 2024 [40] findings and labs consis- recurrence at  resections and radiotherapy, and ACTH
tent with EAS the olfac- then transcranial resec- decreased, potas-
tory groove, tion of frontal skull base, sium normalized,
octreotide bilateral neck dissection and limb weak-
scan showed  right hemithyroidectomy, ness improved,
uptake in sub- declined chemotherapy Cushingoid fea-
mandibular tures improved,
lymph nodes episode of seizure
(metastases) and venous
thrombosis
Lopesetal. 56/F Bilateral lower limb Elevated cortisol CTand MRI  Nasal biopsy confirmed Insulin, spi-
2024 [41] edema, polyuria, polydip- and ACTH showed a ACTH-secreting ONB, ronolactone and
sia, weight loss, anosmia, levels, no sup- mass in the potassium chloride, spirono- metyrapone were
recurrent epistaxis, pression with frontal/olfac- lactone, insulin, metyra- discontinued,
Cushingoid features dexamethasone tory bulb, pone, endoscopic removal,  remission at
invasion of and adjuvant radiotherapy 3-years follow-up
the ethmoidal (60 Gy in 30 sessions), post-
labyrinth and  op hydrocortisone replace-
orbit ment therapy
Gnanathaya- 40/F Generalized monomor- High cortisol - ONB consistent on biopsy ~ EAS controlled
lan et al. phic acne level of suspected polyp, then with surgery,
2024 [42] endoscopic resection and no recurrence
radiotherapy at the 3-month
follow-up
Mikoshiba et 41/F Case 1: 2.5 years after ACTH and corti- - Debulking surgery, mitotane, No progression
al. 2024 [43] 42/F ONB surgery pre- sol elevated - metyrapone, dose adjusted  on last followup
sented with Cushingoid - chemotherapy Hormone levels
appearance, diabetes, Mitotane, metyrapone improved, disease
hypokalemia. progression seen
Case 2: 10 years after
ONB surgery pre-
sented with Cushingoid
appearance
Houduetal. 65/F Leg edema, weight Hypokalemia, Ethmoid- Biopsy suggested ectopic Intracranial
2025 [44] loss, general weakness, hyperglyce- originating corticotropic pituitary abscess treated
polyuria, and polydipsia, mia, endocrine mass with adenoma vs. neuroendo- with antibiotics,
chronic rhinosinusitis, work-up intracranial crine tumor, second biopsy  remission of CS,
anosmia, muscle weak- extension, confirmed ONB, endonasal  tumor remis-
ness, cutaneous fragility bilateral endoscopic removal, chemo- sion at 10 years
adrenal therapy (cisplatin, etoposide, follow-up
hyperplasia 3 cycles), radiotherapy
(66 Gy), metyrapone and
mifepristone ineffective,
bilateral adrenalectomy,
Inagaki etal. 33/M ONB diagnosed 7 years - - Surgery and metyrapone at ~ CS controlled

2025 [45]

before CS, ONB recur-
rence with EAS

first diagnosis, surgery and
chemotherapy at recurrence

with metyrapone

F: Female; M: Male; CD: Cushing’s disease; CS: Cushing’s syndrome; £EAS: Ectopic ACTH syndrome; ONB: olfactory neuroblastoma.
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and hypokalemia [33, 39]. Occasionally, endocrine signs
of EAS precede any nasal symptoms. Familiar et al.
described a patient with a two-year history of refractory
hypertension and Cushing’s manifestations but no nasal
complaints; biopsy of a nasal mass later revealed ACTH-
secreting ONB [33]. Such atypical presentations can mis-
lead diagnostic efforts. ONB’s location near the skull base
and may lead to false-positive results of inferior petrosal
sinus sampling (IPSS), mimicking pituitary-origin CD due
to venous drainage patterns from this vascular malignancy
which may elevate ACTH levels centrally [34]. As a result,
ONB should always be considered in ACTH-dependent
Cushing’s cases with normal pituitary imaging, especially
when nasal symptoms are present or when IPSS results are
equivocal. Newer functional imaging modalities, such as
somatostatin receptor PET scans using Ga-68 DOTATATE
or DOTATOC, have proven invaluable in identifying these
elusive tumors [14, 36].

Pathophysiology and Molecular Understanding

Understanding the molecular insights of ONB is crucial for
diagnosing and selecting optimal therapy options to achieve
better survival outcomes [47]. Although, the molecular
underpinning of ONB that accounts for ACTH secretion
remains unclear. ONB arises from primitive neuroectoder-
mal cells in the olfactory neuroepithelium and exhibits both
neural and neuroendocrine markers [48, 49]. Immunohis-
tochemistry for ACTH-producing ONBs typically shows
positivity for chromogranin A, synaptophysin, neuron-spe-
cific enolase and INSM1 and ACTH localization in tumor
cells [17, 30]. Lack of pituitary-specific transcription factors
including T-PIT verify the ectopic and non-pituitary origin
of ACTH [50]. Aberrant expression of the pro-opiomel-
anocortin is one potential mechanism of ACTH produc-
tion while transcription factor ASCLI expression may also
induce neuroendocrine differentiation [48, 49]. Origin in the
neural crest also offers support for the capacity sporadically
to produce hormones. No unique histological feature exists
for the ACTH-producing ONBs when viewed in compari-
son to the non-secreting variants. The production of ACTH
occurs in both the low- and the high-grade tumor (Hyams
grades [I-1V) [38, 40].

Interestingly, the production of hormones may arise as
the neoplasm evolves. In the case reported by Reznik et al.,
the original ONB did not induce CS, unlike the subsequent
recurrent neoplasm five years later [12, 13]. Kobayashi and
Mikoshiba also showed cases of CS after a 10 year recurrent
ONB [31, 43]. Other studies showing how original tumors
were ACTH-negative whereas the recurrent tumors exhib-
ited ACTH expression suggested clonal evolution or pheno-
typic plasticity of the neoplasm [30, 37].

Clinical Decision-Making and Prognosis

Treatment of ACTH-producing ONB includes the manage-
ment of both hormonal excess and oncologic control. Surgi-
cal resection, through craniofacial or endoscopic skull base
surgery, and radiotherapy form the definitive treatment for
ONB [48]. With total tumor excision, CS usually corrects
rapidly after surgery in the cases reviewed [14, 21, 23, 29].
Josephs et al. reported a case in where ACTH returned to
normal after a few days following bifrontal craniotomy and
tumor resection [17, 21]. However, the attainment of sur-
gical candidacy sometimes necessitates preoperative endo-
crine stabilization. Preoperative control of cortisol using
agents such as metyrapone, ketoconazole, and newer agents
allows for safer surgery and the attenuation of preoperative
risks such as hypertensive crises, infection, and thrombo-
embolism [46]. Most cases involve 1-4 weeks of prepara-
tory preoperative medical therapy prior to resection of the
tumor [29, 33]. Koo et al. preoperatively stabilized a patient
using ketoconazole to get 8 weeks of definitive chemoradia-
tion [18], while Han et al. utilized high-dose ketoconazole
to permit safe surgery and maintenance in sustained remis-
sion [23]. In refractory cases, bilateral adrenalectomy can be
used to suppress hypercortisolemia [24, 44] However, even
though such measures, death can arise because of hypercor-
tisolism-related sepsis or surgical complication [26].

Perioperative control of CS whether by surgery or medi-
cation has correlated with good outcomes. Lopes et al.
showed resolution of hyperglycemia and hypertension fol-
lowing surgery and eventual conversion to steroid replace-
ment when the HPA axis recovered [29, 51]. Houdu et al.
described a patient at disease-free survival at 10 years fol-
lowing a multidisciplinary treatment regimen including
adrenalectomy and chemotherapy and surgery and radiation
[44]. When hypercortisolism and the tumor are properly
managed, prognosis may be comparable or close to that of
conventional ONB and the five-year survival rates exceed
80% [51, 52].

Concurrently with endocrine management, the oncologic
plan usually entails radiation therapy and adjuvant che-
motherapy in selected cases. Older cases used craniofacial
resection, whereas recent reports prefer endonasal endo-
scopic resection when possible. Adjuvant radiation usually
involves 54-60 Gy fractionated therapy through IMRT or
proton radiation for greater conformality [53]. Chemother-
apy, usually platinum-containing, is reserved for high grade
or metastasis [38, 44]. The staged treatment may be compli-
cated by the presence of CS. Gillette et al. reported a case
who started neoadjuvant chemotherapy pre-endocrine stabi-
lization; the patient succumbed to septic shock potentially
avoidable by earlier cortisol control [38]. Most ONBs stain
for somatostatin receptors and can be imaged diagnostically
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by octreotide or Ga-68 DOTATATE PET scans [14, 36].
This expression not only facilitates localization but may
hold promise therapeutically using somatostatin analogues
to suppress the secretion of ACTH, although clinical evi-
dence is limited.

EAS-positive ONBs usually recur at late presentation
[31, 43]. New onset of Cushingoid symptoms or symptoms
of CS in a patient with ONB should be viewed suspiciously
for tumor recurrence [15, 37]. Serial endocrine monitoring
by plasma ACTH or cortisol may permit earlier identifica-
tion of recurrence, even prior to change on imaging becom-
ing evident [54, 55]. Several long-term outcome studies
support that control of CS and oncological therapy of ONB
can be durable [14, 28, 44, 51, 52]. But long-term surveil-
lance is warranted.

Differential Considerations: ONB-Related Ectopic
ACTH Syndrome Versus Ectopic Pituitary and Sellar
Corticotroph Lesions

EAS secondary to ONB represents a uniquely challenging
entity at the interface of neuroendocrine oncology and pitu-
itary pathology. While ONB-associated EAS arises from
a non-pituitary neuroectodermal neoplasm of the olfac-
tory epithelium, other lesions producing ACTH outside the
sella—such as ectopic pituitary adenomas (EPAs), ectopic
ACTH-secreting pituitary adenomas, and suprasellar pitu-
itary adenomas (SPAs)—derive from adenohypophyseal
lineage tissue and reflect displaced pituitary tissue rather
than non-pituitary neuroendocrine tumors. These entities,
although anatomically distinct, share overlapping biochemi-
cal and radiologic features that may confound diagnosis and
delay definitive management [S6—58].

From a pathophysiological perspective, ACTH-secreting
ONBs exhibit neuroendocrine differentiation with variable
corticotroph immunoreactivity, producing ACTH in a para-
neoplastic manner independent of hypothalamic-pituitary
feedback. The neoplastic cells, typically expressing neu-
roendocrine markers and variable ACTH immunoreactiv-
ity, originate from olfactory neuroepithelium or associated
progenitor cells. In contrast, ectopic pituitary and sellar
lesions retain the regulatory characteristics of pituitary cor-
ticotrophs, often displaying responsiveness to corticotro-
pin-releasing hormone (CRH) and partial suppression with
high-dose dexamethasone [56, 57]. This functional overlap
frequently complicates differentiation from classic Cush-
ing disease, particularly when pituitary MRI findings are
inconclusive.

Biochemical and dynamic testing profiles further
delineate these disorders and can be deceptively similar.
ONB-related EAS typically presents with striking hyper-
cortisolemia and very high plasma ACTH concentration,
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accompanied by absent central-to-peripheral gradients on
IPSS, consistent with a non-pituitary origin. In contrast,
EPAs and SPAs may exhibit pituitary-type responses to
dexamethasone suppression and CRH stimulation, and can
occasionally generate false-positive central gradients on
IPSS due to their venous drainage proximity to the cavern-
ous sinus and shared embryologic origin with the pituitary
gland, leading to misclassification as intrasellar Cushing
disease [56—58]. This overlap underscores the limitations of
classical dynamic endocrine testing in distinguishing ecto-
pic pituitary lesions from true peripheral EAS and the need
for careful interpretation of endocrine tests in the context of
imaging and anatomical correlation.

Radiologically, ONBs typically originate in the upper
nasal vault or cribriform plate, often extending into the
anterior skull base. High-resolution sinonasal MRI and
endoscopic visualization are thus indispensable for diag-
nosis. In contrast, EPAs and SPAs occur within parasellar
or suprasellar compartments—such as the sphenoid sinus,
cavernous sinus, or planum sphenoidale—where they may
mimic invasive intrasellar macroadenomas or remain radio-
logically occult. In the large single-center series by Zhu et
al., several EPA cases were initially misdiagnosed as non-
functioning pituitary adenomas or Cushing disease, only to
be recognized postoperatively as ectopic adenohypophyseal
neoplasms [56-58].

Therapeutic approaches mirror these fundamental bio-
logical differences. For ONB-related EAS, management
requires multimodal oncologic treatment—typically endo-
scopic endonasal resection followed by adjuvant radiother-
apy—with concurrent control of hypercortisolism through
steroidogenesis inhibitors or, in refractory cases, bilateral
adrenalectomy. In contrast, surgical resection remains the
primary treatment for EPAs and SPAs, with outcomes com-
parable to intrasellar corticotroph adenomas when complete
removal is possible. Recognition of their ectopic pituitary
origin is essential to prevent unsuccessful transsphenoi-
dal exploration and to guide appropriate surgical targeting
[56-58].

In summary, ONB-related EAS should be distinguished
from ectopic pituitary and sellar corticotroph tumors not
only on anatomical grounds but also based on their patho-
physiologic mechanisms and endocrine testing profiles. Both
entities highlight the spectrum of ACTH hypersecretion that
bridges peripheral neuroendocrine neoplasia and adenohy-
pophyseal pathology. Accurate differentiation relies on inte-
grated biochemical, radiologic, and endoscopic evaluation,
supported by multidisciplinary collaboration among endo-
crinologists, neurosurgeons, and head and neck oncologists.
Recognition of the shared yet divergent features of these rare
lesions is essential to prevent diagnostic delay, guide surgical
targeting, and optimize long-term remission outcomes.
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Limitations of Existing Literature and Future
Research Directions

ACTH-producing ONB cases are rare. Heterogeneity in
presentation, stage of presentation, therapies, and follow-
up duration, along with variable reporting, prevents draw-
ing wider conclusions and guidelines. Selective publication
may be biased towards reporting complicated cases or only
cases with positive outcomes. Key gaps exist in the inci-
dence of ONB in ACTH-dependent CS, the best treatment
regimen, and long-term quality-of-life end points [9]. The
reported incidence of ACTH-secreting ONB may be under-
reported. Despite these limitations, pooled case analyses
provide valuable insights. The effectiveness of treatment
in most survivors highlights the imperative for multi-dis-
ciplinary teamwork, involving endocrinologists, neurosur-
geons, ENT surgeons, radiation oncologists, and infectious
diseases specialists.

Future projects should include the institution of multi-
center registries to collate prospective data, standardize
assessment protocols, and allow aggregation of clinical
experience. A unified registry would allow comparable
documentation of presentation in the patients, manage-
ment protocols, and clinical outcomes. Additional molecu-
lar investigation of hormone-secreting and non-secreting
ONBs warrants further research. Newer therapies for CS,
including osilodrostat, have yet to be explored in ONB.
Improved surgical and radiation techniques may help reduce
treatment-related morbidity. It is also important to increase
awareness among skull endocrinologists and skull base sur-
geons as early diagnosis can improve outcomes [54, 55].

Conclusion

ONB is an exceedingly rare but clinically significant cause
of ectopic ACTH syndrome resulting in CS but which can
result in severe and life-threatening hypercortisolemia.
Although uncommon, its recognition is critical because
delayed diagnosis or misattribution to pituitary-dependent
Cushing’s disease can result in poor outcomes. A high degree
of clinical suspicion is therefore warranted in patients with
ACTH-dependent CS who demonstrate inconclusive pitu-
itary imaging or atypical inferior petrosal sinus sampling
results, especially when sinonasal symptoms are present.
The successful management of ACTH-secreting ONB
requires a multidisciplinary approach, integrating endocri-
nologists, neurosurgeons, otolaryngologists, oncologists,
and radiation specialists. Timely stabilization of hypercorti-
solism—often through medical therapy or, in critical cases,
bilateral adrenalectomy—can be lifesaving and enable
safer definitive oncologic treatment. Long-term outcomes,

including remission of both tumor and Cushing’s syndrome,
are achievable when coordinated, multimodal strategies are
employed, though vigilance for recurrence remains essen-
tial given ONB’s potential for late relapse.

Despite insights gained from published cases, current
understanding is hampered by the rarity of ACTH-secret-
ing ONBs and the heterogeneity of reported data. Future
progress will depend on prospective case collection, ide-
ally through multicenter registries, to standardize clinical
documentation and refine therapeutic strategies. Moreover,
molecular profiling of hormone-secreting ONBs compared
to their non-secreting counterparts may uncover the genetic
or epigenetic drivers of ectopic ACTH production. Addi-
tionally, heightened awareness among clinicians is vital to
accelerating diagnosis and management of this rare but con-
sequential entity.
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